The growth-inhibiting effect of D-cycloserine (D-4-amino-3-isoxazolidone) on bacteria is competitively reversed by its structural analogue, D-alanine (Bondi, Kornblum, and Forte, 1957; Shockman, 1959;  Morrison, 1962; Zygmunt, 1962) . This relationship may be explained by the findings of Strominger, Ito, and Threnn (1960) that D-cycloserine inhibits both the alanine racemase and the D-alanyl-D-alanine synthetase of Staphylococcus aureus and that D-alanine competitively reverses the D-cycloserine inhibition of both reactions. Neuhaus and Lynch (1962) alanyl-D-alanine is a portion of the bacterial cellwall mucopeptide, the inhibition of cell-wall synthesis by D-cycloserine (Ciak and Hahn, 1959) is also explained. Jenkin (1960) has shown that members of the psittacosis group have bacterialike cell walls. Therefore, D-cycloserine should inhibit their multiplication and D-alanine should reverse the inhibition. This paper describes the experimental verification of such a prediction. MATERIALS AND METHODS Organisms. The following psittacosis group agents were employed: mouse pneumonitis (Chicago strain), psittacosis (6BC strain), meningopneumonitis (Cal 10 strain), and feline pneumonitis (Baker strain). All were maintained by passage in chick embryo yolk sac (Moulder and Weiss, 1951 Figure 1 shows the response of mouse pneumonitis agent to graded doses of the antibiotic. The mortality of chick embryos infected with 101 LDn0 was reduced to 50% by 5 ,umoles of Dcycloserine per embryo and was completely prevented by 20 ,moles per embryo. Assuming uniform distribution of 5 ,umoles of D-cycloserine in an egg of 50-ml volume, its initial concentration would be 10 Ag/ml. Even if distribution of the antibiotic in the egg is far from uniform, the sensitivity of mouse pneumonitis agent compares favorably with that of bacteria, for which minimal inhibitory concentrations of 5 to 500 ,Ag/ml have been reported (Cuckler et al., 1955; Welch, Putnam, and Randall, 1955) .
Significant reversal of the multiplication-inhibiting effect of D-cycloserine was obtained by injecting D-alanine as long as 48 hr after the agent and the antibiotic (Table 2 ). This indicates that the action of D-cycloserine on the mouse pneumonitis agent is primarily one of stasis and that D-alanine. and at the upper by the toxicity of D-cycloserine for the chick embryo. Table 3 gives two examples of the titration of a constant amount of the antibiotic against varying amounts of D-alanine. The (Bondi et al., 1957; Shockman, 1959; Zygmunt, 1962) . Although the data do not lend themselves to the graphical test of Lineweaver and Burk (1934) , there is little doubt that D-cycloserine and D-alanine interact competitively. Of a number of compounds structurally or metabolically related to D-alanine, only DLalanyl-DL-alanine was able to reverse the effect of D-cycloserine on the growth of the agent of mouse pneumonitis (Table 4) . Mole for mole, DL-alanyl-DL-alanine was just as effective as D-alanine (Fig. 3) . It seems likely that the peptide exerts its action by being hydrolyzed to free alanine. These results are in agreement with those obtained with bacteria, except for the findings of Bondi et al. (1957) and Zygmunt (1962) that on occasion L-alanine may also effectively reverse the action of D-cycloserine. Thorne, G6mez, and Housewright (1955) Ciak and Hahn (1959) observed that the addition of D-cycloserine to growing cultures of Escherichia coli caused the cells to lyse or to form spheroplasts, depending upon the nature of the medium. They analogized the action of D-cycloserine to that of penicillin, suggesting that both inhibited cell-wall formation. The effect of Dcycloserine on mouse pneumonitis agent was studied by inoculating the agent on the chorioallantoic membranes of 8-day-old chick embryos by the method of Litwin (1957). D-Cycloserine was then given via the yolk sac, and at different times thereafter chorioallantoic membranes were removed, fixed, and stained for microscopy according to Litwin (1957) . The mouse pneumonitis agent in cells of antibiotic-treated embryos appeared as abnormally large, dense, and swollen forms, strikingly similar to those observed by Weiss (1950) penicillin (Fig. 4) . The penicillin-induced abnormal forms have been interpreted as resulting from derangement in cell-wall synthesis (Moulder, 1962) , and a similar interpretation of the Dcycloserine-induced structures appears justified. Neuhaus and Lynch (1962) suggest that the inhibited reaction is alanine racemase, D-alanyl-D-alanine synthetase, or both. Both of these enzymes are peculiar to the metabolism of bacteria, and it is highly probable that the Dcycloserine-sensitive enzyme(s) is synthesized by the psittacosis group agents and not by their hosts.
These results provide the first example of the participation of a D-amino acid in the metabolism of the psittacosis group. Since the major, if not the only, function of D-alanine in bacteria is incorporation into cell-wall mucopeptide in the form of its dipeptide, the present experiments also offer further evidence for the bacterial nature of the psittacosis group cell wall (Jenkin, 1960; Jenkin, Ross, and Moulder, 1961; Moulder, 1962) .
